ABSTRACT
Introduction
Whether and to which extent nominal wages are downwardly rigid are widely considered unresolved questions. Their scientific importance derives from their key role for the understanding of the workings of the labor market and from their implications for the shape of the longrun Phillips curve. Their policy relevance is due to the fact that downward nominal wage rigidity (DNWR) may lead to inadvertently high costs of low inflation targets in terms of higher long-term unemployment. Correspondingly, empirical evidence with respect to nominal rigidity is indispensable for an evaluation of recent low inflation targets of monetary policy makers.
At present, only for some European countries such evidence with respect to downward nominal wage rigidity does exist, see the surveys of Kramarz (2001) , Stiglbauer (2002) , and Rodríguez-Palenzuela, Garcia and Camba-Mendez (2003) . In several cases the evidence is purely descriptive, it seems contradictory, and it is hard to compare across countries, because of differences in methods and data. This state of recent research has led the European Central Bank to conclude that 'the importance in practice of downward nominal rigidities is highly uncertain and the empirical evidence is not conclusive, particularly for the euro area' (European Central Bank 2003, p. 14) . This paper addresses this critique by substantially extending the available evidence on existence and extent of downward nominal wage rigidity in the European Union and the Euro Area. The analysis is based on the European Community Household Panel (ECHP) which is a large-scale annual longitudinal survey for the 'old' 15 member states of the European Union comprising the years 1994 to 2001. The great advantage of the ECHP is the uniform questionnaire asked in the EU-countries which makes the direct comparison of data across countries and over time possible. The comparison of results is also facilitated by use of a uniform method of analysis for the EU and Euro Area as a whole as well as for the individual member countries. For this purpose we develop an econometric multi-country model based on a widespread quantitative method of analysis in this context, the histogram-location approach introduced by Kahn (1997) , in order to guarantee a high degree of comparability with earlier results. Further advantages of this line of analysis are that it is easier to interpret and based on fewer functional assumptions than the best alternative, the earnings-function approach proposed by Altonji and Devereux (2000) . The most important drawback of the histogramlocation approach, its lack of treatment of measurement problems, is not problematic in the context of a uniform cross-country data source, since measured degrees of downward nominal wage rigidity can consistently be interpreted as lower bounds of true nominal wage rigidity across countries.
The remainder of the paper starts with a section on the histogram-location approach and our proposed extensions. Sections 3 and 4 describe in some detail the ECHP data used and present descriptive evidence. Section 5 contains a description of the empirical implementation and the results with respect to existence and extent of downward nominal wage rigidity. Finally, we summarize our findings and offer conclusions and a brief outlook.
Histogram-location approach in a multi-country context
The histogram-location approach of Kahn (1997) models annual location-centered distributions of wage changes by histograms and tests in an econometric model of the histograms whether changes in shape of the histograms can be explained as the systematic interplay of downward nominal wage rigidity and changes in location of the original, uncentered distributions. 1 A number of detailed expositions and illustrations of the histogram-location approach are now available in the literature, e.g. Beissinger and Knoppik (2001) , Stiglbauer (2002) , Knoppik and Dittmar (2002) , Lebow, Saks and Wilson (2003) . Therefore, the basic formal model is only outlined very briefly, before we turn to our extensions of the histogram-location approach for a multi-country framework.
Basic model
The basic econometric model of the histogram-location approach explains observed factual bin sizes rt P of the histogram of location-centered per cent annual wage changes (i.e. the relative frequency of wage changes in bin r in period t ). Bin numbering starts from the origin of the location-centered histogram (corresponding to the location of the uncentered distribution, e.g. the median) and proceeds to the left, starting with one. Therefore bin r contains relative wage changes that are between r and 1 − r times the bin width b smaller than the rate of wage change at the location of the uncentered distribution. The explanatory variables are dummy variables that capture bin status in different bins and years, i.e. whether the bins contain negative, zero, or positive nominal wage changes. The unknown parameters that are to be estimated are the rigidity parameter ρ , the counterfactual bin sizes r α that would prevail under wage flexibility, and the pile-up parameter γ . The model consists of the following system of equations:
(1) Bins' status as a negative bin, zero bin or positive bin is encoded in two dummy variables, wage changes in the bin, whereas a value of one in rt DZ indicates the presence of zero nominal wage changes in that bin. Bins with only positive changes are coded by setting to zero both rt DN and rt DZ . The rigidity parameter ρ can directly be interpreted as the degree of downward nominal wage rigidity, since it is equal to the proportion of nominal notional wage cuts that are prevented by the existence of downward nominal wage rigidity. The counterfactual bin sizes r α are constant parameters because of the assumption of a time-invariant counterfactual distribution (up to shifts in location).
System (1) 
DZ
) there is a pile-up in addition to the counterfactual bin size from the wage freezes in the negative bins of the same period; parameter γ captures the contribution of those negative bins that are too far left to be explicitly modeled, or caused by reasons other than downward nominal wage rigidity.
Five remarks complete the introduction of the basic model. First, the model presented is a simplified version of the "proportional" model or "model 3" in Kahn (1997) without explicit treatment of small changes. The proportional model of downward nominal wage rigidity with uniform degree of rigidity for nominal wage reductions of all sizes is used, because it results in a single measure of rigidity that it easy to interpret and easy to compare to other results in the literature. There is also explicit support for the proportional form of rigidity in Knoppik (2003), an analysis of functional form of downward nominal wage rigidity. Explicit treatment of small nominal wage changes of either sign is not helpful in the present analysis in the light of available data quality. Second, note that even this basic specification implies nonlinear cross-equation parameter constraints and requires corresponding estimation procedures. Third, the measure of location must not itself be affected by downward nominal wage rigidity, since this measure captures the shifts of the counterfactual distribution which through the principle of joint variation of location and shape is crucial for identification in the histogram-location approach. Forth, Knoppik and Beissinger (2003) showed that measurement error with classical properties tends to hide some of the rigidity present in the data. The estimated degree of downward nominal wage rigidity in the histogram-location approach is therefore a lower bound of the true extent of rigidity. Finally, a number of variants of the basic proportional model have been proposed in Kahn (1997) , Beissinger and Knoppik (2001) , Christofides and Leung (2003) , and Castellanos, García-Verdú and Kaplan (2004) , but none of these is suitable for cross-country, cross-sectional, or cross-regional analysis.
Cross-country options
In our view there are three different ways in which the histogram-location approach can be used in a cross-country context. The first option is to build isolated national models, i.e. to construct national histogram bin sizes and to estimate national models independently of each other, using the basic econometric model (1) for example. The main drawback of this option for our purposes is that for several countries the distribution of per cent wage changes does exhibit only very little variation in location over the sample period which tends to make estimation less reliable or even impossible.
The second option is to construct one aggregate annual histogram for all countries together and to estimate an aggregate model. However, different developments over time of the location of the underlying national distributions of per cent wage changes give rise to a timevarying mixture of distributions which violates the assumption of time-invariance of the counterfactual distribution.
The third option is to pool the information on national histogram bin sizes and to estimate pooled models. In pooled models, the limited variation in location of the distributions of per cent nominal wage changes is substituted to some degree by cross-country variation in location. Two versions of pooled models, either with uniform or country-specific degrees of downward nominal wage rigidity are considered in the remainder of this section.
Pooled model
The pooled model with uniform parameters essentially consists of a version of equation (1) that is additionally indexed with a country index c Stacked data on bin sizes and status dummies from the different countries is used in this case.
The pooled model with national rigidity and pile-up parameters is given by system of equations (3). replaces γ , where summation runs over all countries covered. In pooled models, the timeinvariance of the counterfactual bin sizes continues to be assumed. The assumption of invariance of the counterfactual distribution is in fact extended to hold over countries as well which is reflected in the country-independent counterfactual bin sizes r α . Any potential country differences of the counterfactual therefore have to be eliminated. Centering the national histograms takes account of the national differences in location. Additional differences in dispersion can be taken into account by standardizing the distributions.
Standardization effectively relaxes the assumption of time-invariant counterfactual distribution (up to variation in location) and replaces it by the weaker assumption of time-invariant counterfactual distribution (up to variation in location and some parameter of dispersion). The 
Closed model
A problem of the basic model is that it is a partial model and may thereby lead to inconsistent results. The solution is to 'close' the model by modeling the full left tail of the histogram. In the basic model (1) the part of the distribution to the left of max r is only taken into account implicitly, by adding the ad hoc "additional pile-up" parameter γ . The construction of location-centered histograms implies that the counterfactual outer left tail has probability mass of
e. is equal to the difference between the percentile used as measure of location and the sum of all counterfactual bin sizes up to max r . Therefore, because of the proportional functional form of downward nominal wage rigidity assumed in the model, the pile-up from the far left must equal ρ times this difference. This restriction, however, is not taken into account in the partial model and may therefore be violated in estimates obtained from the basic model.
In order to close the model, the restriction can be used to replace the pile-up parameter γ in system (1),
The closed model therefore consists of the following system of equations: Note that no explicit equation for the probability mass to the left of max r is needed since it is implied by the other bin sizes. Such an equation is not admissible either, because of the dependence of the error terms over the closed model. 2 Note also that min r has to be set to one. The pooled model is readily extended to the closed version.
Data
The analysis is based on the European Community Household Panel (ECHP) which is a largescale annual longitudinal survey providing household and personal information on income and socio-economic characteristics for the 'old' 15 member states of the European Union (EU). 3 The ECHP has been centrally designed and coordinated by the Statistical Office of the European Union (Eurostat) . The great advantage of the ECHP is the uniform questionnaire asked in the EU-countries which makes the direct comparison of data across countries and over time ECHP-project in 1995 ECHP-project in , 1996 ECHP-project in and 1997 . However, the Swedish data cannot be used in the analysis since it only contains cross-sectional information. Luxembourg and the Netherlands also have to be excluded because necessary information for the analysis is missing. 4 In line with previous analyses in this field we are interested in the per cent earnings change distributions of 'job stayers', i.e. employees who have a 'stable employment relationship' with an employer for a certain period of time. Job stayers are defined as full-time working employees who do not change the job between two consecutive interviews. In the analysis, the robustness of estimation results will be checked by considering the consequences of alternative definitions for job stayers. We distinguish between three types of job stayers as explained in the upper part of Table 1 . For type-I stayers no further restrictions are made, whereas type-II and type-III stayers have to fulfill further requirements with respect to interview distance, absence from work, and the main activity in each month between interviews.
Choices with respect to these variables may affect the number of observed wage cuts and zero wage changes. Note that the numbering of stayer types from I to III reflects an increase in the restrictiveness of stayer definition. The reference subsample is based on type-II stayers, who, with regard to sample restrictions, lie in between type-I and type-III stayers.
Table 1
Choices also have to be made with respect to socio-economic characteristics of job stayers (sex, age and sector) and about other conditions (type of employment contract and mode of the interview). In the middle part of Table 1 three categories A to C are distinguished, with category A representing the least restrictive and category C the most restrictive sample selection. More restrictive data selection leads to a more homogenous subsample thereby reducing the problem of composition bias in the histogram-location approach. However, this advantage must be weighted against the disadvantage of loosing too many observations.
The ECHP dataset provides information on monthly and annual nominal earnings from work, i.e. 'current monthly (net and gross) wage and salary earnings' and 'total regular net wage and salary earnings' (referring to the year prior to the wave year). Since the job stayer concept applied in the paper refers to the spell between interviews and not to the calendar year, we use the information on current monthly earnings. 5 The question whether gross or net earnings are better suited for the analysis can be regarded as an open one, because arguments for and against each measure can be put forward. For example, the take-home pay may be better known to individuals, but net earnings changes may be affected by changes in the tax system. As a consequence, we will use both net and gross earnings in the analysis and check whether a change in the earnings concept affects the estimation results. As a further dimension of the earnings measure we also take into account whether reported working hours changed from one interview to the next, or not. We therefore distinguish between three earnings measures as explained in the lower part of Table 1 . Earnings measures 1 and 2 refer to net earnings.
However, earnings measure 2 is more restrictive than measure 1 because it is additionally required that the number of reported working hours remains constant. This restriction is also implemented for earnings measure 3, but in this case gross earnings are considered. Details on the variables used for data selection can be found in Appendix A.
For the analysis, the three stayer types could, in principle, be combined with each of the selection categories A to C and the earnings measures 1 to 3, leading to 27 different subsamples. In our view, however, more insight with respect to the robustness of estimation results can be gained by analyzing the consequences of partial variation of selection criteria. We therefore adopt the following strategy. Our focus is on a reference subsample selection, which represents a 'middle way' with respect to the restrictiveness of sample selection. This reference subsample consists of type-II stayers meeting the requirements of category B and of earnings measure 2. Table 2 summarizes the figures of the reference subsample which consists of 70,239 observations for 12 EU countries. In addition, we will check the robustness of estimation results for the reference subsample by systematically varying either the stayer definition, or the selection categories, or the earnings measure in comparison to the reference subsample selection. Table 2 4 Descriptive evidence In this section descriptive evidence for the existence of downward nominal wage rigidity is presented. Figure 1 plots the distributions of per cent changes of monthly net earnings between two consecutive interview dates for each country based on the reference subsample (defined in Section 3). This figure provides some preliminary evidence that the distribution of earnings changes is affected by downward nominal rigidity in almost all countries. The left tail of the distribution usually appears to exhibit some 'deformation', a spike in the distribu-tion at zero and some thinning in the distribution below zero. However, a purely static descriptive analysis of the shape of the earnings change distribution does not prove the existence of downward nominal wage rigidity, since the thinning of the distribution below zero may simply reflect a peculiar shape of the 'notional' (or 'counterfactual') distribution of earnings changes. As is evident from the exposition of the econometric models in Section 2, the existence of downward nominal wage rigidity can only be detected by considering the joint variation of location and shape of the earnings change distribution.
Figure 1
In the literature, usually the median is used as measure of location. However, care must be taken in selecting a measure of location which is not affected by downward nominal wage rigidity. Besides productivity growth, the main determinant of the location of the earnings change distribution is inflation. As can be seen in Figure 2a , inflation has been rather low in many EU countries during the second half of the 90s. As a consequence, in some countries and years (e.g. Denmark in 1999) the median includes zero earnings changes, thereby making it unsuitable as measure of location (see Figure 2b ). Throughout the analysis we therefore have to use higher percentiles as measure of location. In Figure 1 for example, the sixty percent percentile of the earnings change distribution (marked by a thin vertical line) is used as measure for location.
Figure 2
The descriptive evidence can be used to illustrate the principle of joint variation of location and shape of the earnings change distribution. Greece turns out to be an excellent example for marked joint variation of location and shape. In Greece in the mid-nineties the sixty percent percentile lies between 12 and 15 percent because of high inflation. When Greece curbed inflation in order to meet the requirements for the introduction of the Euro, the sixty percent percentile also declined and amounted to only around 3 percent in 2000. This leftward shift of the location of the earnings change distribution is accompanied by a more pronounced pile-up at zero and an increased asymmetry of the distribution due to thinning in the left tail of the distribution.
As a second example, consider Portugal. The marked asymmetry of the earnings change distribution seems to point to pronounced downward nominal wage rigidity. However, there is hardly any variation of the location of the earnings-change distribution. When we apply the histogram-location approach to the Portuguese data, it will turn out that it is not possible to obtain robust estimates of the extent of downward nominal rigidity for this country on the basis of an isolated national econometric model. Since the same problem also holds for other countries, such as France and Germany, we extend the histogram-location approach (as discussed in Section 2) and estimate pooled models in which the cross-country variation in the location of the earnings-change distribution is used as additional information for the identification of the extent of downward nominal wage rigidity.
As a final example the earnings change distributions for Spain are considered. Spain stands out as the only country in which pronounced changes in location are not accompanied by corresponding changes in the asymmetry of the distribution. Descriptive evidence therefore suggests that Spain is a country where downward nominal wage rigidity seems to play hardly any role, which may come as a surprise.
Empirical implementation and results
In this section we present estimated national and aggregate European degrees of downward nominal wage rigidity. The focus is on results from a reference specification, but we also report the results of systematic robustness checks and relate our results to the literature.
Reference specification
The overall reference specification comprises four categories of definitions concerning the reference subsample, reference histogram construction, reference econometric model and reference estimation set up, which in turn each are defined by selected values for a number of characteristics within these categories. The structure of the definition of the reference specification is illustrated in Table 3 .
Table 3
The reference subsample results from definitions with respect to the concept of job stayer, the socio-economic characteristics of employees, and the measure of earnings used, and has already been discussed in detail in Section 3.
Constructing histograms of annual relative wage changes is the first step in applying the histogram-location approach, and it involves a number of decisions with respect to the treatment of the data. In the reference histogram construction exact percentage changes, a bin width of two percentage points, and a standardization based on a measure of location Kahn (1997) , exact percentages, rather than log percentages are used, since the transformation implied by using log percentages are of no consequence due to the non-parametric nature of histograms. The two percent bin width is a compromise between the one percent bin width used in the rest of the literature and even wider bin widths suggested by the usual rules,
given the numbers of observations per year and country in our sample. On the one hand, there are the necessities to have sufficiently frequent changes of bin status and to have a sufficiently detailed picture of the potential effects of rigidity, both favoring narrower bins. On the other hand there is also the need for reasonably smooth histograms that necessitates the use of wider bins. Considerations of data quality, especially rounding, also tend to favor wider bins. The main consideration behind the use of the unconventional standardization of wage changes is the need to use measures of location and dispersion that are unaffected by rigidity, as explained in Section 2.
The proportional, pooled, closed model with bins 10 1 = r is used as the reference model for estimating an econometric model of these histograms in the second step of the histogram-location approach. As discussed in detail in Section 2, this model is best suited for the cross-country analysis. The range of bins chosen is somewhat larger than suggested by the range of bins with status changes, 1 min = r and 7 max = r , in order to be able to use the same model in variations of the reference specification where this range increases (narrower bin width).
Finally, our reference estimation procedure is iterated weighted least squares (WLS),
where weighing is by equation, i.e. by bins. As a consequence, the smaller bins further out in the left tail of the distribution tend to be estimated more accurately. 6 Along with the different dimensions of the reference specification, all selected values for its characteristics are reported in Table 3 .
Reference results
National and European estimated degrees of rigidity for the reference specification are reported in the first column of Table 4 . Degrees of rigidity are highly significant in all of the twelve individual countries included in the sample. While in a majority of seven countries the rigidity coefficient lies between 25 and 50 percent, there are also four countries with lower and one with even higher degree of rigidity, within an overall range of 7 percent (Spain) to 66 percent (Italy). EU wide estimated degrees of rigidity are based on the data of twelve 'old' EU countries, Euro area estimates are based on the data of ten members of the monetary union; both are shown in the lower part of Table 4 . The standard specification results in highly significant estimated rigidity coefficients of 36 per cent and 37 per cent for these two aggregates.
Table 4
Taking these figures literally means that more than one third of the notional nominal wage reductions for job stayers in the euro area do not take place because of the presence of downward nominal wage rigidity. However, because of the reporting errors typical for survey data, and because of the attenuation effects of these on the observable distribution of per cent wage changes discussed in Knoppik and Beissinger (2003) , we interpret these results as constituting lower bounds of true degrees of downward nominal wage rigidity in the respective countries or areas. Actual degrees of downward nominal wage rigidity may turn out to be even larger.
Variation of specification and robustness
The picture that emerges from the reference specification is corroborated by the estimation results from alternative specifications that generally exhibit rather little variation in the estimated degree of downward nominal wage rigidity. The right part of Table 3 summarizes these alternative specifications that result from partial variation of characteristics along almost all dimensions of the reference specification. The corresponding estimation results are summarized in Table 4 as a range for the estimated degrees of rigidity. In addition, they are discussed in more detail in Appendix B which also provides detailed tables with estimation results. Only in the case of the countries with the lowest degrees of rigidity are there some alternative specifications with insignificant rigidity coefficients ρ . Overall, estimated degrees of rigidity tend to be quite insensitive to changes in the specification.
Comparison with literature
If one tries to put these results in perspective using earlier studies, one encounters the very difficulties that motivate the present project, i.e. difficulties of comparison, in particular (but not only) across method and data, and the scarcity of quantitative European analysis. Nevertheless, it seems worthwhile to see whether and where in the overall spectrum the results do fit in; where there is sufficient overlap with preexisting studies with respect to data and method one can also find corroboration or contradiction. The following considerations are based on the reference specification discussed above. They deal first with the cases where econometric approach and regional coverage overlap and are then completed by the discussion of other European and US evidence. Throughout, the discussion focuses on quantitative econometric rather than purely descriptive or qualitative evidence. 7
As far as Europe or European countries are concerned, the histogram-location approach has only been applied to German data. Beissinger and Knoppik (2001) analyze data of different type, the IAB Beschäftigtenstichprobe, which is a subsample of official social security data, and find degrees of rigidity for blue and white collar workers that are somewhat below the result for Germany found here. Even more closely related are Knoppik and Dittmar (2002) and Decressin and Decressin (2002) , since both studies not only use the histogram-location approach, but apply it to GSOEP data that is the basis of the German part of the ECHP (see Appendix A). For a comprehensive measure of earnings, Knoppik and Dittmar (2002) find 7 A count of zero nominal wage changes is used as the indicator of downward nominal wage rigidity in Dessy (2002) ; no further identification or econometric estimation of the degree of rigidity are used. In the analyses of UK data of Smith (2000) and Nickell and Quintini (2003) evidence on the extent of DNWR is not based on econometric models; both find small amounts of DNWR.
degrees of rigidity for blue and white collar workers that are close to the results found here.
The figures in Decressin and Decressin (2002) are slightly lower. We interpret the German evidence with far reaching overlap with respect to econometric approach and regional coverage as corroboration of the present analysis.
All other econometric European studies of the extent of DNWR use variants of the earnings-function approach introduced by Altonji and Devereux (2000) . This approach deals explicitly with measurement error and changing sample composition and claims to yield actual degrees of downward nominal wage rigidity, rather than only lower bounds, which is one reason why estimates should tend to be higher than our ECHP based estimates. 8 The earningsfunction approach comes in different variants and with a corresponding spectrum of results. Of these variants, the proportional model due to Knoppik and Beissinger (2003) Overall, there is no conclusive evidence to suggest systematic differences between Europe and the US with respect to downward nominal wage rigidity.
In the few cases, where econometric approach and regional coverage overlap sufficiently for comparisons, our results fit well into the overall picture of existing evidence. Beyond these cases, the European evidence is substantially extended, at the same time allowing consistent cross-country comparisons due to uniform method and uniform data.
Summary, conclusions, and outlook

This paper analyzes existence and extent of downward nominal wage rigidity in the European
Union, which is a question of great significance, both from a theoretical and from a policy perspective. Up until now, evidence on existence and extent of downward nominal wage rigidity in Europe has been limited to only a few countries and, if available, has been hard to compare because different data sources and methodologies have been used. The available evidence has now been substantially extended by the first-time econometric analysis with respect to these questions using employee micro data from the European Community Household Panel (ECHP) for twelve of the EU's current member states.
We develop and apply a pooled multi-country version of the histogram-location approach which exploits variation in the location of the standardized earnings-change distributions over time and over countries and infers existence and extent of downward nominal wage rigidity from the corresponding variation in the shape of observed histograms. This approach allows the estimation of the degree of downward nominal wage rigidity, which is the percentage of notional wage cuts prevented by downward nominal wage rigidity in relation to all notional wage cuts. National and EU wide estimates of this rigidity parameter support the view that downward nominal wage rigidity is a rather widespread phenomenon within the European Union and the Euro Area. Modifications of our reference specification with respect to subsample selection, histogram construction and econometric model reveal that our estimation results are quite robust to changes in the specification. For example, the estimated degree of downward nominal wage rigidity for the Euro area only varies between 0.31 and 0.40, i.e.
between 31 and 40 percent of employees in stable jobs in the Euro area are affected by rigidity. As is argued in the paper, the estimated degree of downward nominal wage rigidity in the 9 Other US evidence based on the PSID are McLaughlin (1994) and Christofides and Stengos (2001) , which both do not provide quantitative estimates of the degree of downward nominal wage rigidity.
histogram-location approach provides a lower bound of the true extent of rigidity, implying that downward nominal wage rigidity in the Euro Area may be even more pronounced.
The estimation results on the national level make evident a considerable variation in the degree of downward nominal wage rigidity across countries despite the comparable data and uniform methodology used. This observation raises the question what determines this countryspecific heterogeneity. In the literature, psychological or institutional factors are put forward as possible causes of downward nominal wage rigidity. In a companion paper we strive to identify the role of these factors as possible causes of downward nominal wage rigidity.
Appendix A Data Selection
In Germany and the UK, the first three waves of the ECHP ran parallel to existing national panels, namely the German Socio-Economic Panel (GSOEP) and the British Household Panel Survey (BHPS). 10 In 1997 (i.e. the fourth wave of the ECHP) the original ECHP surveys were stopped in these countries. Instead, it was decided to integrate ex-post-harmonized national panels into the ECHP. Comparable data were derived from the GSOEP and BHPS back from 1994 onwards. Consequently, two sets of data are available for the years 1994 to 1996 for Germany and the UK. In our analysis, we use the "long series", i.e. the GSOEP and BHPS data for Germany and the UK, respectively.
To make scientific use of the ECHP data possible, Eurostat constructed an anonymised and user-friendly version of the data (the User's Database; UDB) from the original data (the Production Database; PDB). In this process, variables have been reorganized and standardized across waves, no more strictly reflecting the structure of the questionnaire. In the following, the data selection from the UDB database, which has been described in Section 3, is documented in more detail. 11 The numbering of the following headings corresponds to the entries of Table 1 in the main text.
a) Classification of job stayers a1) Employment relationship of job stayers
Full-time working employees are selected by using the following conditions for UDB variables describing the main activity status and working time:
The interviewed person defines the main activity status as working with an employer in paid employment (15+ hours/week). Other per-sons, as e.g. persons in paid apprenticeship or the self-employed, are left out.
PE005C = 1
The main job is classified as full-time job 30 3($ The working time in the main job (including paid overtime) comprises at least 30 hours and at most 60 hours.
The above criteria are applied to all stayer types. For type-II and type-III stayers we additionally compare the variable PE005A with PE005, the latter variable containing information on the total number of hours worked per week in main and additional jobs. We require that PE005 3($LQRUGHUWRVHOHFWHPSOR\HHVZKRKROGRQO\RQHMRE Job stayers do not change the job between interviews. It is checked that the current job started before or in the month of the preceding interview by use of the following UDB variables:
PG006
Month of the personal interview
PG007
Year of the personal interview
PE012
Month of start of current job
PE011
Year of start of current job
a2) Interview distance in months
The interview distance is calculated by using the variables PG006 and PG007 (see above).
a3) Absence from work in days
PE038
Absence from work (in days) in the last four working weeks (not counting holiday weeks) because of illness or other reasons.
This information is completely missing for the UK BHPS data and is not available for the Netherlands in 1994. For these countries and years the value of this variable is not checked.
a4) Monthly activity calendar
In the UDB the main activity status in month 1, 2,…,12 of the year preceding the wave year is documented in the variables PC001, PC002, …, PC012. For stayer types II and III we use this information in order to check that the respective person has been in paid employment in each month between interviews without interruptions. 12 Consider as an example a person who has been interviewed in July 1996 and in June 1997. For the period from July 1996 to December 1996 we checked the information coded in the variables PC007 to PC012 of the wave year 1997. For the period from January 1997 to June 1997 we checked the information coded in the variables PC001 to PC006 of the wave year 1998. 13 Since the calendar information about 12 The fact that the person staid with the same employer between interviews (i.e. the person is a job stayer) is checked by the variables described in a1). 13 We also took account of "special cases", in which the interview for wave year (t-1) and/or for wave year t took place in the year following the respective wave year.
monthly activity refers to the year preceding the wave year, the main activity status can not be 14 The reader is referred to Table 3 in the main text for an overview over the various categories of the reference specification. Detailed information on the definition of a reference subsample can be found in Section 3, whereas reference histogram construction and reference econometric model are explained in Section 5. 15 The estimation procedures are not varied. 16 All other aspects of the reference specification, including the other components of the reference subsample definition, remain unchanged.
Ad (i): Variation of subsample selection
of downward nominal wage rigidity declines from 0.66 in the reference specification to 0.53, the other estimates tend to remain very close to the estimates of the reference specification and for some countries are even higher. Similar conclusions can be drawn with respect to the results for the more restrictive socio-economic category C (see column 5). Since in this category only male employees working in industry are considered, one would perhaps expect that downward nominal wage rigidity will be more pronounced. However, only in the case of Belgium, Greece and Austria significantly higher estimates are observed whereas the estimates for all other countries are close to the estimates in the reference specification. In column 6
results are reported for earnings measure 1, i.e. in contrast to the reference specification it is not checked whether a change in working hours occurred. In most countries, the estimates of the degree of downward nominal wage rigidity are only slightly lower, with the exception of Italy where the estimated degree of downward nominal wage rigidity changes from 0.66 in the reference specification to 0.53. In column 7 gross earnings instead of net earnings are considered. It might be suspected that this change in data selection will considerably modify the earnings change distributions and therefore have a huge impact on the estimation results.
However, it is evident from the table that only for four countries the change in estimated wage rigidity seems worth mentioning, with increases in estimated wage rigidity in Denmark and UK, and decreases in Italy and Greece. Overall, from the results documented in Table B . 1 it can be concluded that the estimates of the reference specification are quite robust to changes in subsample selection. Table B .2 presents estimates of the degree of downward nominal wage rigidity which were obtained by varying some aspects of histogram construction. As can be seen from the upper part of the table, the reference histogram construction is based on the sixty percent percentile as measure of location, the difference of eighty and sixty percent percentile as measure of dispersion (used for standardization) and a bin width of 2 percent. Column 2 shows that estimates remain basically the same if, all other things being equal, the difference q 75 -q 60 is used as measure of dispersion. Columns 3 and 4 present estimates based on histograms with lower or higher bin width (i.e. a bin width of 1.5 percent or 2.5 percent instead of 2 percent). Though the shape of histograms may be influenced by choice of bin width, it is evident from the results that the choice of smaller or larger bins barely affects the estimates. Finally, columns 5 to 7 document that the estimates are quite robust to changes in the measure of location which is used for standardization of histograms. 17 All in all, it can be concluded from the results in Table B .2 that our estimates for the reference specification are robust to changes in histogram construction.
Ad (ii): Variation of histogram construction
17 Note that for some countries the median must not be used as measure of location because it is affected by downward nominal wage rigidity. For completeness, the results for the median are nevertheless documented. Table B .3 presents estimates of the degree of downward nominal wage rigidity which were obtained by varying some aspects of the econometric model. As can be seen from the upper part of the table, the reference econometric model is based on the pooled closed model described in Section 2 and comprises bins 1 to 10. The second column of the table reports the results of the estimation of isolated national models. Because of insufficient variation of location, the estimation could not be performed for Germany, France, UK and Portugal. The estimates for Ireland and Spain are insignificant. For the remaining countries (with the exception of Belgium) the estimated degree of downward nominal wage rigidity turns out to be higher. 
FIGURE 1: HISTOGRAMS OF PER CENT WAGE CHANGES BY COUNTRY AND YEAR
Tables
Absence from work in the last 4 weeks (not counting holiday weeks) due to illness or other reasons. Absence is not checked for UK since information is not available (b) With a check of the monthly activity calendar provided by the ECHP it can be secured that the respective person has been in paid employment in each month between interviews. The calendar information always refers to the year preceding the respective wave year. In order not to lose the data of the final wave, we do not perform a calendar check for the final wave (the year 2001) for type-II stayers. For type-III stayers a check is required.
(c)
The type of employment contract is not checked in 1994 since in that year the information is missing in all countries.
Since it is missing or wrongly coded, this information could not be checked for France and the Netherlands for any year and neither for Portugal in 1994.
Change in reported working hours in comparison to preceding interview. We leave the year 2001 in the reference subsample though the monthly activity calendar cannot be checked for the final wave. This explains the rise in observations for the last wave.
The low number of observations in Belgium in 1999 and 2000 is due to the fact that in 1999 the sector information is missing in most cases.
The low number of observations in Finland in 1998 is due to the fact that the spell between interviews exceeded the upper limit of 16 months for most observations in 1998. The use of dispersion and location for standardization of earnings changes are explained in Section 2; q x denotes the x-th percentile. (b) Versions of the model are explained in Section 2. In the reference subsample and histogram construction 1 min = r and 7 max = r . The somewhat larger model with r = 1..10 was chosen in order to be able to estimate the same model on histograms with smaller bin width. (c) Uniform starting values and iteration patterns were used in all estimations. Notes: Column 1 contains estimated national and aggregate rigidity coefficients ρ from closed pooled models for the reference specification. The coefficient ρ captures the degree of downward nominal wage rigidity in the sense that it measures the share of counterfactual wage cuts that are prevented by nominal rigidity. Column 3 contains the range of ρ that results from systematic variation of the reference specification. The reference specification and its variations consist of definitions with respect to subsample used, histogram construction, econometric model, and estimation that are detailed in Table 3 and the text. Ranges for the degree of rigidity consist of the minima and maxima of estimated ρ over the variations of the reference specification, except the inconsistent estimates from the non-closed model. Insignificant estimates in the case of Ireland and Spain are represented by a zero lower bound of the range.
The European Union (EU) estimate is based on twelve of the fifteen old European Union countries (without Luxembourg, the Netherlands, and Sweden). The Euro area estimate is based on ten of the twelve current member states of the European monetary union (without Luxembourg and the Netherlands). Table 3 and Section 5 for features of the reference specification and its variations. (a,c) See Table 4 for explanations of these table footnotes. (d) Results for reference specification (Table 4) Table 3, Table 4 and text for features of the reference specification and its variations. (a,c) See Table 4 for explanations of these table footnotes. (d) Results for reference specification (Table 4) Table 3 and Section 5 for features of the reference specification and its variations. (a,c) See Table 4 for explanations of these footnotes. (b) Estimation not feasible for this specification because of the insufficient variation in location that is reflected in 1 min max ≤ − j j r r .
Results for reference specification (Table 4 ) repeated for convenience.
